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OR G A N I S M S  R E S P O N S I B L E  F O R  L O S S E S  i n  s t o r e d  g r a i n  i n c l u d e  m o l d s ,  
b a c t e r i a ,  m i t e s ,  a n d  i n s e c t s ,  a l l  o f  w h i c h  a r e  i n f l u e n c e d  b y  m o i s t u r e  
a n d  t e m p e r a t u r e .  D e v e l o p m e n t  o f  m o s t  o f  t h e  h a r m f u l  o r g a n i s m s  c a n  
b e  m i n i m i z e d  b y  r e d u c i n g  t h e  m o i s t u r e  c o n t e n t  o r  t h e  t e m p e r a t u r e  o f  
t h e  g r a i n  t o  a  l e v e l  a t  w h i c h  t h e y  w i l l  n o t  f l o u r i s h .  M o s t  g r a i n s ,  i f  d r i e d  
t o  1 3  o r  1 4  p e r c e n t  m o i s t u r e  c o n t e n t ,  w i l l  s t o r e  f o r  a  l o n g  t i m e  i f  k e p t  
d r y .  I n s e c t  a c t i v i t y  a n d  f u n g i  g r o w t h  i s  g r e a t l y  i n h i b i t e d  i f  t h e  g r a i n  
t e m p e r a t u r e  i s  k e p t  b e l o w  4 0 °  F .  
M O I S T U R E  M I G R A T I O N  
M o i s t u r e  o f t e n  a c c u m u l a t e s  i n  t h e  t o p  l a y e r s  o f  s t o r e d  g r a i n  e v e n  
t h o u g h  t h e  g r a i n  i s  s t o r e d  a t  a  s a f e  m o i s t u r e  c o n t e n t  i n  w e a t h e r t i g h t  
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H o w  M o i s t u r e  M i g r a t e s  i n  G r a i n .  G r a i n  h a r v e s t e d  a n d  p l a c e d  i n  s t o r a g e  
d u r i n g  t h e  w a r m  m o n t h s  o f  l a t e  s u m m e r  o r  e a r l y  f a l l  l o s e s  i t s  h e a t  s l o w l y  
a s  t h e  w e a t h e r  g e t s  c o l d e r .  G r a i n  n e a r  t h e  s u r f a c e  a n d  n e x t  t o  t h e  w a l l s  
c o o l s  f i r s t ,  w h i l e  t h a t  i n  t h e  c e n t e r  o f  t h e  b i n  r e m a i n s  w a r m .  T h i s  t e m p e r a ­
t u r e  d i f f e r e n c e  c r e a t e s  s l o w l y  m o v i n g  a i r  c u r r e n t s .  C o o l  a i r  n e a r  t h e  w a l l s  
m o v e s  d o w n w a r d ,  f o r c i n g  w a r m  a i r  u p w a r d .  W h e n  t h e  w a r m  a i r  r e a c h e s  
c o l d  g r a i n  n e a r  t h e  s u r f a c e ,  c o n d e n s a t i o n  m a y  o c c u r  i n  t h e  s a m e  w a y  
m o i s t u r e  c o n d e n s e s  o n  t h e  e x t e r i o r  o f  a  g l a s s  o f  i c e - w a t e r .  A l t h o u g h  t h e  
m o v e m e n t  o r  m i g r a t i o n  o f  m o i s t u r e  t a k e s  p l a c e  s l o w l y ,  i t  c o n t i n u e s  a s  l o n g  
a s  t e m p e r a t u r e  d i f f e r e n c e s  e x i s t  i n  t h e  g r a i n .  I f  a l l o w e d  t o  c o n t i n u e  f o r  
m o n t h s  o r  e v e n  a  f e w  w e e k s ,  p a r t i c u l a r l y  i n  l a r g e  b i n s ,  t h e  a c c u m u l a t e d  
m o i s t u r e  c a n  c a u s e  s e v e r e  d a m a g e  t o  t h e  u p p e r  l a y e r s  o f  s t o r e d  g r a i n .  
( F i g .  1 )  
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bins. The accumulation is caused by moisture migration when air 
warmed by contact with warm grain in the depths of the bin rises until 
it is cooled by cooler grain near the surface (Fig. 1). Since cool air 
cannot carry as much moisture as warm air, moisture is condensed and 
may promote insect activity, mold growth, and subsequent spoilage in 
the upper layers of grain. 
Control 01 Moisture Migration 
Moisture migration can be controlled by equalizing the temperature 
throughout the grain. An effective method of doing this is to move 
small quantities of air through the grain more or less continuously or 
to move larger quantities of air periodically. Ventilation of grain for 
the purpose of controlling moisture' migration is referred to as "grain 
aeration" or sometimes as "grain cooling." Proper operation of aera­
tion equipment can keep dry-stored grain cooled to temperatures close 
to the average air temperatures throughout the fall and winter. Aera­
tion is a practical way to help maintain the quality of stored grain by 
providing better storage conditions. A good grain aeration system can: 
(1) prevent moisture accumulation in the surface layers, (2) retard 
mold growth, (3) reduce insect activity, and (4) remove storage odors. 
Holding Wet Grain 
Aeration or cooling to control moisture migration in dry-stored grain 
as described in this publication should not be confused with the practice 
of using ten times as much air (Yz c.f.m. or more per bushel) to cool 
(or chill) and hold wet grain. The management of systems for holding 
wet grain at low temperature with cool or chilled air requires a more 
thorough understanding of the relationship between grain moisture, 
temperature, and allowable storage time than does aeration for moisture 
migration. Papers and publications on the technique of cooling, chill­
ing, and dehydration of wet-stored grain are available from the Agri­
cultural Engineering Department, University of Illinois, Urbana 61801. 
AERATION EQUIPMENT 
The most reliable and effective equipment for moving air through 
grain consists of a motor-driven fan and a perforated duct or floor. 
fan and Motor Horsepower 
Two things should be considered in choosing a motor-driven fan: 
the volume of air (cubic feet of air delivered a minute, c.f.m.) and the 
static pressure ( resistance this volume of air meets, in inches of water 
pressure) required. The volume of air required depends on the quan­
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t i t y  o f  g r a i n  s t o r e d ,  w h i l e  t h e  s t a t i c  p r e s s u r e  r e q u i r e d  d e p e n d s  o n  t h e  
d e p t h  a n d  k i n d  o f  g r a i n  s t o r e d .  
M i n i m u m  a i r f l o w  r a t e s  f o r  f a n s  o p e r a t e d  c o n t i n u o u s l y  a r e  a s  l o w  a s  
1 / 5 0  c . f . m .  a  b u s h e l  o f  g r a i n .  O p e r a t o r s  o f  c o m m e r c i a l  g r a i n  s t o r a g e  
f a c i l i t i e s  o f t e n  u s e  r a t e s  o f  1 /  1 0  c . f . m .  a  b u s h e l  o r  h i g h e r .  A  r a t e  o f  
1 /  2 0  t o  1 /  3 0  c . f . m .  a  b u s h e l  i s  a d e q u a t e  f o r  m o s t  f a r m - s t o r e d  g r a i n .  
T a b l e s  1  a n d  2  c a n  b e  u s e d  a s  a  g u i d e  i n  s e l e c t i n g  m o t o r - d r i v e n  
a e r a t i o n  f a n s .  F o r  e x a m p l e ,  s u p p o s e  y o u  w a n t  t o  d e t e r m i n e  t h e  r e ­
q u i r e d  m o t o r  s i z e  f o r  a e r a t i n g  a  b i n  f i l l e d  t o  a  d e p t h  o f  2 4  f e e t  w i t h  
1 2 , 0 0 0  b u s h e l s  o f  s h e l l e d  c o r n .  Y o u  w a n t  t o  p r o v i d e  a n  a i r f l o w  o f  
1 /  3 0  c . f . m .  a  b u s h e l .  B y  r e f e r r i n g  t o  T a b l e  1 ,  y o u  f i n d  t h e  p o w e r  r e ­
q u i r e m e n t  t o  b e  b e t w e e n  1 /  1 2  a n d  1 / 6  h o r s e p o w e r .  
T a b l e  1 .  - T y p i c a l  H o r s e p o w e r  R e q u i r e m e n t s  f o r  A e r a t i o n  
o f  S h e l l e d  C o r n  a n d  S o y b e a n s
a  
D e p t h  o f  g r a i n ,  f t . . . . . . .  U p  t o  2 0  
2 0  t o  3 0  
3 0  t o  4 0  
4 0  t o  S O  

A i r f l o w ,  c . f . m . /  b u . . . . . . . .  
1 /  1 0  1 /  3 0  
1 /  1 0  1 /  3 0  1 /  1 0  
1 /  3 0  1 /  1 0  1 /  3 0  

B u s h e l s  o f  g r a i n  
H o r s e p o w e r  
2 , 0 0 0  . . . . . . . . . . . . . . . . .  
1 /  2 0  
1 /  5 0  1 /  1 2  
1 /  5 0  
1 /  6  
1 /  5 0  
1 / 6  1 /  5 0  

3 , 0 0 0  . . . . . . . . . . . . . . . . .  
1 /  1 2  
1 /  5 0  
1 /  6  1 /  2 0  
1 /  6  1 /  2 0  1 /  4  1 /  2 0  

6 , 0 0 0  . . . . .  . . . . . . . . . . . .  
1 / 6  1 / 2 0  1 / 4  
1 / 2 0  
1 / 3  
1 / 2 0  
1 / 2  1 /  1 2  

1 0 , 0 0 0  . . . . . . . . . . . . . . . . .  
1 / 4  1 /  1 2  
1 / 3  1 /  1 2  
1 / 2  
1 /  1 2  
3 / 4  1 / 6  

2 0 , 0 0 0  . . . . . . . . . . . . . . . . .  
1 /  2  
1 /  6  3 /  4  
1 /  6  
1  
1 /  6  1 7 2  
1 /  4  

3 0 , 0 0 0  .  . . . . . . . . . . . . . . . .  
3 / 4  1 / 4  
1  
1 / 4  
1 7 2  1 / 4  
2  
1 / 3  

4 0 , 0 0 0  . . . . . . . . . . . . . . . . .  1  
1 /  3  
1 7 2  
1 /  3  
2  
1 /  3  
3  
1 /  2  

6 0 , 0 0 0  . . . . . . . . . . . . . . . .  
1 7 2  1 / 2  
2  
1 / 2  
3  
1 / 2  
5  
3 / 4  

a  H o r s e p o w e r  r e q u i r e m e n t s  f o r  s m a I J  g r a i n s  s u c h  a s  w h e a t  a n d  o a t s  w i l l  b e  t w o  t o  t h r e e  
t i m e s  a s  g r e a t  a s  t h o s e  s h o w n  f o r  c o r n  a n d  s o y b e a n s .  
T a b l e  2 .  - S t a t i c  P r e s s u r e  a n d  H o r s e p o w e r  R e q u i r e m e n t s  
f o r  G r a i n  A e r a t i o n  F a n s  
S t a t i c  p r e s s u r e  ( i n .  o f  
H o r s e p o w e r /  l , O O O  b u .  
D e p t h  o f  
w a t e r )  w h e n  a i r f l o w  i s  - w h e n  a i r f l o w  i s -
g r a i n ,  f t .  
1 / 1 0  c . f . m . /  b u .  1 / 3 0  c . f . m . / b u .  1 / 1 0  c . f . m . / b u .  1 / 3 0  c . f . m . / b u .  
C O R N  A N D  S O Y B E A N S  
U p  t o  2 0  . . . . . .  . 7  . 5  . 0 2 5  . 0 0 6  
2 0  t o  3 0  . . . . . . .  . 9  
. 6  . 0 3 0  
. 0 0 7  
3 0  t o  4 0  . . . . . . .  1 . 3  . 7  . 0 4 5  . 0 0 8  
4 0  t o  S O  . . . . . . .  1 . 9  . 8  . 0 6 5  . 0 0 9  
W H E A T  A N D  O A T S  
U p  t o  2 0  . . . . . .  1 . 6  1 . 1  . 0 5 5  . 0 1 2  
2 0  t o  3 0 . . . . . . .  2 . 6  
1 . 4  
. 0 9 0  
. 0 1 5  
3 0  t o  4 0 . . . . . . .  4  . 0  
1 . 9  . 1 3 5  . 0 2 0  
4 0  t o  S O  . . . . . . .  6 . 0  2 . 5  . 2 0 0  . 0 3 0  
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It may be necessary to purchase a fan larger than 1/ 6 horsepower, 
as aeration fans smaller than 1/4 to 1/3 horsepower are not always 
readily available. The fan must deliver the air, a total of 400 c.f.m., 
against a static pressure of 0.6 inches of water (Table 2 ) . Choosing 
oversized aeration fans is a good practice since the additional initial 
investment and slight increase in operating cost is a small price to pay 
for assurance that all grain served by the system will receive suffi­
cient air. 
A crop-drying fan may also be used for aeration, but it should be 
operated only for short periods of time because of its high air volume 
delivery. Excessive movement of air can start a drying front through 
the grain or add moisture to the grain depending on outside air temper­
ature and humidity. 
Air Distribution System 
A perforated floor provides the most efficient air distribution system 
and when installed in a bin for drying purposes should also be used for 
aeration. It may not be practical, however, to install a perforated floor 
only for aeration, for ducts are satisfactory and are less costly. Ducts 
installed on the floor (Figs. 2 and 3) may be circular, semicircular, 
arched, rectangular, or U- or V-shaped in cross section. 
// AIR INTAKE UNDER EAVES 
.--_~~""'~ AND FILLING HATCH 
~/ 
SUPPLY DUCT 
Floor Duct System for a Circular or Square Bin. Bins having a capac­
ity of 5,000 bushels or more should be equipped with an on-the-floor or 
flush-floor duct system. Flush floor ducts are required in bins equipped 
with sweep auger unloading equipment. Floor duct patterns most commonly 
used are: (1) non-perforated central duct with several perforated laterals, 
(2) single perforated central duct, and (3) two perforated ducts in an 
"X" or "Y" arrangement. A duct pattern that insures good airflow at the 
center of the bin is desirable, as this is often a trouble spot. In tall, silo­
shaped bins, collector ducts may be replaced with a single collector in the 
center of the floor. A perforated oil drum serves well as a collector. (Fig. 2) 
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F l o o r  D u c t  S y s t e m  f o r  a  R e c t a n g u l a r  B i n .  A  w o o d e n  a i r  d u c t  p l a c e d  o n  
2  x  4 - i n c h  s l a t s  i s  a d e q u a t e  f o r  r e c t a n g u l a r  b i n s  u n d e r  5 0  f e e t  l o n g .  C o n ­
s u l t  a  r e l i a b l e  m a n u f a c t u r e r  o f  a e r a t i o n  e q u i p m e n t  f o r  d u c t s  l o n g e r  t h a n  
5 0  f e e t  b e c a u s e  o f  t h e  u n e v e n  a i r  d i s t r i b u t i o n  i n  l o n g  d u c t s  w i t h  u n i f o r m  
a i r  i n l e t s .  F o r  u n i f o r m  a i r  d i s t r i b u t i o n  i n  a  l o n g  d u c t ,  t h e  p e r c e n t a g e  o f  
p e r f o r a t i o n  i n  r e l a t i o n  t o  t h e  d u c t  s u r f a c e  m u s t  b e  l o w e s t  a t  t h e  f a n  e n d ­
o f t e n  l e s s  t h a n  1  p e r c e n t .  T h e  p e r c e n t a g e  s h o u l d  i n c r e a s e  w i t h  d i s t a n c e  
a w a y  f r o m  t h e  f a n  u n t i l  a  m a x i m u m  o f  1 5  t o  2 0  p e r c e n t  i s  r e a c h e d  a t  t h e  
f a r t h e s t  p o i n t .  I n  a  w i d e  s t o r a g e  b u i l d i n g  r e q u i r i n g  m o r e  t h a n  o n e  d u c t ,  
t h e  d i s t a n c e  b e t w e e n  d u c t s  s h o u l d  n o t  b e  g r e a t e r  t h a n  t h e  g r a i n  d e p t h .  
( F i g .  3 )  
T o  d e t e r m i n e  t h e  r e q u i r e d  c r o s s - s e c t i o n a l  a r e a  o f  a  d u c t ,  t h e  t o t a l  
a i r  v o l u m e  t o  b e  c a r r i e d  b y  t h e  d u c t  i s  d i v i d e d  b y  t h e  m a x i m u m  a i r  
v e l o c i t y  ( i n  f e e t  a  m i n u t e )  p e r m i t t e d  w i t h i n  t h e  d u c t .  
T o t a l  a i r  v o l u m e  ( c .  f . m .  )  .  
A '  1 ·  ( f  )  =  C r o s s - s e c t I o n  a r e a  ( s q u a r e  f e e t )
I r  v e  O C l t y  . p . m .  
B e c a u s e  a  h i g h  a i r  v e l o c i t y  r e s u l t s  i n  a  l a r g e  f r i c t i o n  l o s s ,  i t  i s  b e s t  
t o  k e e p  d u c t  v e l o c i t i e s  i n  t h e  r a n g e  o f  1 , 0 0 0  t o  2 , 0 0 0  f . p . m .  V e l o c i t i e s  
o f  2 , 0 0 0  f . p . m .  o r  s l i g h t l y  h i g h e r  a r e  p e r m i s s i b l e  i n  s h o r t  d u c t s  o f  o n l y  
a  f e w  f e e t ;  h o w e v e r ,  i n  d u c t s  e x c e e d i n g  2 5  f e e t  i n  l e n g t h  t h e  v e l o c i t y  
s h o u l d  b e  l i m i t e d  t o  1 , 5 0 0  f . p . m .  o r  l e s s .  
S u p p o s e  y o u  w a n t  t o  d e t e r m i n e  t h e  r e q u i r e d  d u c t  s i z e  f o r  e x h a u s t ­
i n g  t h e  4 0 0  c . f . m .  o f  a i r  n e e d e d  t o  a e r a t e  t h e  s h e l l e d  c o r n  i n  t h e  p r e v i o u s  
e x a m p l e .  A s s u m i n g  t h e  d u c t  l e n g t h  t o  b e  a t  l e a s t  2 5  f e e t ,  t h e  r e q u i r e d  
c r o s s - s e c t i o n a l  a r e a  o f  t h e  d u c t  w i l l  b e :  1~~~ ~'.~:. =  0 . 2 6 7  s q u a r e  f e e t .  
A n  8 - i n c h - d i a m e t e r  c i r c u l a r  d u c t  o r  a  4  x  1 2  i n c h  r e c t a n g u l a r  d u c t  
w o u l d  b e  s u f f i c i e n t  ( T a b l e  3 ) .  
A e r a t i o n  d u c t s  s h o u l d  h a v e  p e r f o r a t e d  o p e n i n g s  e q u a l  t o  a t  l e a s t  
1 0  p e r c e n t  o f  t h e  t o t a l  d u c t  s u r f a c e ,  e x c e p t  f o r  v e r y  l o n g  d u c t s  a s  e x ­
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Tab le 3. - Duct Cross-Sectiona l Areas 
Dia meter Circular Rectangular area in square feet

or depth area when top width in inches is:
(in .) (sq. ft. ) 
 9 12 15 18 
4 ............ . ... . 08 .25 . 33 .41 
 . 506 . . . . . . . . . . . . . . . . . 20 .38 . 50 . 62 .758 . " . . . . . . . . .. . . . .35 . 50 . 67 .83 1.0010 . . . . . . . . . . . . . . . . .55 . 62 . 83 1.04 1. 2512 . . . . . . . . . . . . . . . . . 75 . 75 1.00 1. 25 1.5014 ................ 1 .05 . 88 1.16 1.46 1. 7516 . . . . . . . . . . . . . . .. 1 .40 1.00 1.33 1. 67 2 .0018 ................ 1 . 75 	 1. 50
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Portable Vertical P ipe System for a Circular, Square, or Rectangular Bin.A portable vertical pipe system consists of 6 feet of perforated duct attachedto the lower end of a 4- to 8-inch diameter pipe. A Y6 horsepower exhaustfan attached to the top of the pipe will aerate 3,000 to 5,000 bushels ofgrain. Continuous operation of the fan, even during damp or rainy weather,
will not appreciably raise the moisture content of the grain. The energy
consumption for this aeration system will be similar to that of a 200-wattlight bulb. For tightly sealed bins, an outside vent for the exhaust air and
a definite air intake may be desirable. When more than one vertical pipe
system is installed in a large bin, the distance between aerators should notbe much greater than the grain depth. (Fig. 4) 
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p l a i n e d  i n  F i g u r e  3 .  I f  y o u  m a k e  a n  a e r a t i o n  d u c t  o u t  o f  m e t a l ,  c h o o s e  
a  m e t a l  t h a t  c a n  b e  e a s i l y  d r i l l e d ,  c u t ,  o r  p u n c h e d  f o r  a i r  i n l e t s .  T h e s e  
i n l e t s  s h o u l d  b e  n o  l a r g e r  t h a n  V B  i n c h  i n  d i a m e t e r  t o  p r e v e n t  g r a i n  
f r o m  p l u g g i n g  t h e  i n l e t s  o r  s i f t i n g  i n t o  t h e  d u c t .  I n l e t s  f o r  w o o d e n  
d u c t s  m a y  b e  p r o v i d e d  b y  p l a c i n g  t h e  d u c t  o n  2  x  4 - i n c h  s l a t s .  
T w o  r o w s  o f  c o n c r e t e  b l o c k s  c o v e r e d  w i t h  2 - i n c h  b o a r d s  c a n  a l s o  b e  
u s e d  a s  a  d u c t .  T h e  h o l e s  i n  t h e  b l o c k s  c a n  s e r v e  a s  a i r  i n l e t s ,  b u t  m u s t  
b e  c o v e r e d  w i t h  w i r e  s c r e e n  t o  k e e p  o u t  t h e  g r a i n .  A  c o r n  d r a g  t r e n c h  
i n  a  c o n v e r t e d  c r i b  c a n  a l s o  s e r v e  a s  a n  a i r  d u c t .  W h a t e v e r  t h e  d u c t  
m a t e r i a l ,  i t  m u s t  b e  s t r o n g  e n o u g h  t o  s u p p o r t  t h e  g r a i n  l o a d .  
P o r t a b l e  p i p e  s y s t e m s  m a y  b e  i n s t a l l e d  a f t e r  b i n s  a r e  f i l l e d  ( F i g .  4 ) .  
A  v a c u u m  c l e a n e r  c a n  b e  u s e d  t o  s u c k  g r a i n  o u t  o f  t h e  p i p e  a s  i t  i s  
p u s h e d  d o w n .  S o m e  p o r t a b l e  p i p e  a e r a t o r s  a r e  e q u i p p e d  w i t h  a  s c r e w  
o r  a u g e r  e n d  s e c t i o n  s o  t h e  u n i t  c a n  b e  t u r n e d  i n t o  t h e  g r a i n  ( F i g .  5 ) .  
P o r t a b l e ,  M o t o r - d r i v e n  G r a i n  A e r a t o r .  A u ­
g e r  p o i n t  p e r m i t s  q u i c k ,  e a s y  i n s t a l l a t i o n  a n d  
r e m o v a l ,  p e r m i t t i n g  i t  t o  b e  u s e d  i n  m o r e  t h a n  
o n e  b i n  t o  r e m o v e  h o t  o r  d a m p  s p o t s .  D e p t h  
i s  c o n t r o l l e d  b y  t h e  a d d i t i o n  o r  r e m o v a l  o f  p i p e  
s e c t i o n s .  ( F i g .  5 )  
W i n d - d r i v e n  V e n t i l a t o r  
A  w i n d - d r i v e n  r o t a r y  v e n t i l a t o r  i n s t a l l e d  o n  a  v e r t i c a l  p i p e  c a n  b e  
u s e d  t o  a e r a t e  1 , 0 0 0  t o  3 , 0 0 0  b u s h e l s  o f  g r a i n .  T h i s  u n i t  d e p e n d s  o n  a  
" c h i m n e y "  o r  " s t a c k "  e f f e c t  f o r  a e r a t i o n .  I t  m u s t  b e  i n s t a l l e d  i n  o p e n  
a r e a s ,  a w a y  f r o m  t a l l  b u i l d i n g s ,  t o  t a k e  f u l l  a d v a n t a g e  o f  t h e  w i n d  
v e l o c i t y .  W i n d - d r i v e n  v e n t i l a t o r s  s h o u l d  n o t  b e  i n s t a l l e d  i n  a r e a s  w h e r e  
t h e  a v e r a g e  w i n d  v e l o c i t y  i s  l e s s  t h a n  8  t o  1 0  m i l e s  a n  h o u r .  A n  o b v i o u s  
d i s a d v a n t a g e  o f  t h i s  s y s t e m  i s  i t s  d e p e n d e n c e  o n  w i n d  f o r  o p e r a t i o n .  
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DIRECTION OF AIRFLOW 
The direction of airflow during aeration is usually downward. Op­
erating the fan on exhaust expells the warm, moist air through warm
grain in the lower part of the bin and not through the cool surface layers
where condensation may occur. Downward movement of the air also
tends to offset the natural tendency for warm air to move toward the
surface. 
It may become necessary to reverse the flow of air in grain contain­
ing an excessive amount of "fines" or foreign material to prevent the
fine particles from accumulating on or near the perforated duct and
blocking the passage of the air. Screening or cleaning to remove foreign
material before storing grain is desirable, and grain should always be
properly distributed as it is placed in storage to prevent build-up of fines
in localized areas. When a crop-drying fan, which normally forces air
into grain, is used for aeration it need not be reversed but should be
operated only for short periods of time since its high volume of air
delivery will quickly change the temperature of the grain. 
OPERATING PROCEDURE 
Aeration should be started when the air temperature is 10° to 15 ° F.
below that of the grain. The only sure way of determining grain tem­
perature is to install temperature sensing equipment or to probe the
grain. A simple procedure is to attach a small thermometer to a length
of string and lower it into a pipe inserted into the grain. After a few
minutes, raise the thermometer and read it quickly. 1\1easuring the tem­
perature of the air exhausted from the grain by the fan will give an
indication of the grain temperature; however, this method will not
detect "hot spots" that may be present in the grain. A grain temperature
of about 50° F. is generally satisfactory, particularly if the grain is to
be moved the fo llowing summer. For grain that is to be stored for more
than one year, lowering the temperature to 35 ° or 40° F. will give better
insect and mold control. Condensation may take place on cold grain
removed from storage on a warm day; therefore, it is good practice to
operate the aeration fan and warm the grain to within 15 to 20 degrees
of air temperature before removing the grain.
Fans supplying 1/ 20 c.f.m. a bushel or less can be operated contin­
uously. If the airflow rate is 1/ 10 c.f.m. a bushel or greater, it will be
more economical to operate the fans intermittently.
Either manual or automatic control may be used. Manual control
will give good results if the fans are operated for a few days after each 
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W i r i n g  D i a g r a m  f o r  A u t o m a t i c  C o n t r o l  o f  A e r a t i o n  F a n s .  W h e r e  s e v e r a l  
f a n s  a r e  o p e r a t e d  f r o m  o n e  s e t  o f  c o n t r o l s ,  i n d i c a t o r  l i g h t s  c a n  b e  i n s t a l l e d  
o n  t h e  c o n t r o l  p a n e l  t o  i n d i c a t e  w h i c h  f a n s  a r e  o p e r a t i n g .  T h e r m o s t a t s  a n d  
h u m i d i s t a t s  s h o u l d  b e  p l a c e d  i n  t h e  s h a d e ,  p r o t e c t e d  f r o m  w e a t h e r ,  a n d  
p o s i t i o n e d  t o  s e n s e  f r e e l y  m o v i n g  o u t s i d e  a i r .  B o t h  t h e  t h e r m o s t a t  a n d  
h u m i d i s t a t  s h o u l d  b e  c a r e f u l l y  a d j u s t e d  a n d  m a i n t a i n e d  a c c o r d i n g  t o  m a n u ­
f a c t u r e r ' s  r e c o m m e n d a t i o n s .  T e m p e r a t u r e  a n d  h u m i d i t y  c o n t r o l s  d e s i g n e d  
f o r  o p e r a t i n g  a e r a t i o n  e q u i p m e n t  a r e  a v a i l a b l e  f r o m  s e v e r a l  m a n u f a c ­
t u r e r s .  ( F i g .  6 )  
s u b s t a n t i a l  c h a n g e  i n  a i r  t e m p e r a t u r e .  A u t o m a t i c  c o n t r o l  c a n  b e  u s e d  t o  
t a k e  f u l l  a d v a n t a g e  o f  w e a t h e r  f a v o r a b l e  f o r  a e r a t i o n .  A u t o m a t i c  c o n ­
t r o l s  f o r  a e r a t i o n  f a n s  g e n e r a l l y  e m p l o y  a  h i g h - l i m i t  t h e r m o s t a t ,  a  l o w ­
l i m i t  t h e r m o s t a t ,  a n d  a  h u m i d i s t a t  - a l l  t h r e e  c o n n e c t e d  i n  s e r i e s  
(  F i g .  6 ) .  T h e  o p e r a t o r  c a n  t h e n  s e l e c t  t e m p e r a t u r e  a n d  h u m i d i t y  l e v e l s  
s o  t h a t  h i s  e q u i p m e n t  w i l l  o p e r a t e  o n l y  u n d e r  c o n d i t i o n s  f a v o r a b l e  f o r  
a e r a t i o n .  
S t o r e d  g r a i n  w i l l  p i c k  u p  m o i s t u r e  d u r i n g  p e r i o d s  o f  h i g h  h u m i d i t y  
a n d  w i l l  l o s e  m o i s t u r e  w h e n  h u m i d i t y  i s  l o w .  H o w e v e r ,  f o r  g r a i n  h a v ­
i n g  a  g i v e n  m o i s t u r e  c o n t e n t ,  t h e r e  i s  a  r a n g e  o f  r e l a t i v e  h u m i d i t i e s  o f  
t h e  a i r  t h a t  w i l l  n o t  a f f e c t  t h e  g r a i n  m o i s t u r e .  M o i s t u r e  o f  t h e  g r a i n  
a n d  o f  t h e  a i r  a r e  t h e n  s a i d  t o  b e  i n  e q u i l i b r i u m .  T h e  m a x i m u m  m o i s ­
t u r e  c o n t e n t s  f o r  s a f e  s t o r a g e  o f  g r a i n s  a n d  t h e  r a n g e s  o f  r e l a t i v e  
h u m i d i t i e s  i n  e q u i l i b r i u m  w i t h  t h e s e  m o i s t u r e  c o n t e n t s  a r e  g i v e n  i n  
T a b l e  4 .  
I t  i s  b e s t  t o  a e r a t e  t h e  g r a i n  w i t h  a i r  t h a t  w i l l  n o t  c h a n g e  t h e  m o i s ­
t u r e  c o n t e n t  o f  t h e  g r a i n .  A i r f l o w  r a t e s ,  h o w e v e r ,  a r e  u s u a l l y  l o w  
e n o u g h  t h a t  a n y  c h a n g e  i n  t h e  g r a i n  m o i s t u r e  w i l l  b e  e x t r e m e l y  s l o w .  
E v e n  c o n t i n u o u s  o p e r a t i o n  d u r i n g  d a m p  o r  r a i n y  w e a t h e r  w i t h  1 / 2 0  t o  
1 /  5 0  c .  f . m .  a  b u s h e l  w i l l  n o t  a p p r e c i a b l y  c h a n g e  t h e  m o i s t u r e  c o n t e n t .  
T h e  a i r f l o w  r a t e  f r o m  a  c r o p - d r y i n g  f a n  w i l l  b e  c o n s i d e r a b l y  h i g h e r .  
W h e n  a  c r o p - d r y i n g  f a n  i s  u s e d  f o r  a e r a t i o n ,  i t  i s  b e s t  n o t  t o  o p e r a t e  
w h e n  h u m i d i t y  i s  e x t r e m e l y  h i g h  o r  e x t r e m e l y  l o w .  B e c a u s e  t h e  h i g h e r  
a i r f l o w  w i l l  c o o l  t h e  g r a i n  q u i t e  r a p i d l y ,  i t  i s  p r a c t i c a l  t o  w a i t  u n t i l  t h e  
h u m i d i t y  i s  n e a r  t h e  v a l u e s  i n d i c a t e d  i n  T a b l e  4 .  
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Table 4. - Range of Relative Humidities in Equilibrium With the Maximum 
Moisture Content for Safe Grain Storage 
(Air temperature of 30° to 50° F. assumed) 
Maximum moisture Range ofGrain 
content for safe storage relative humiditi es 
P ercent 
Shelled corn , O:1ts. . . . . . . . . . . . . . . . . 13 50- 60 
Wheat, b::trley, gra in sorghum. . . . . . . . 12 45­ 55 
Soybeans . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 55­ 65 
TIME REQUIRED FOR AERATION 
Airflow rate largely determines the time needed to cool stored grain 
to the approximate temperature of the air. According to the USDA, a 
fan operated at a rate of 1/ 10 c.f.m. a bushel will do the job in about 80 
hours in the summer, 120 hours in the fall , and 160 hours in the winter. 1 
The range in cooling time is attributed to the amount of evaporative 
cooling occurring during each season. In the fall , with an average of 
10 hours a day favorable for aeration, the grain would be cooled in 
about 12 days. Decreasing the airflow rate will proportionately increase 
the cooling time. For example, the cooling time would be twice as long 
for 1/ 20 c.t.m. a bushel as for 1/ 10 c.f .m. a bushel. 
AERATION COSTS 
The co t of aeration equipment for farm-stored grain will depend 
on the capacity of the storage building, size and kind of duct used, 
method of control, and size of fan and fan motor. The installed cost 
of equipment will probably range from about three to ten cents per 
bushel of bin capacity. Packaged aeration systems for round grain 
bins range from about $125 for an 18 foot diameter bin to near $400 for 
a 36 foot diameter bin. The cost of aeration fans alone is about $90 for 
a 14 horsepower fan to $240 for a 1Yz horsepower fan. 
Operating co ts include the cost of electrical energy to ope rate the 
fan motor and the cost of labor to manage the system. A lthough auto­
matically controlled systems will have a higher initial cost, they are 
likely to be less costly to operate because less management time will be 
required. As an illustration, a 14 horsepower (approximately 250 watt ) 
fan consumes only about six kilowatt-hours per 24 hours of operation. 
1 gricultural Marketing Service, U.S. Department of Agriculture. Aeration 
of grain in co'Nlmercial storages. U.S. Dept. of Agr. Marketing Research Report 
178, revised November, 1960. 
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A t  t w o  c e n t s  p e r  k i l o w a t t ,  t h e  f a n  c o u l d  b e  o p e r a t e d  c o n t i n u o u s l y  f o r ·  1 ' 2  
c e n t s  p e r  d a y ,  o r  i t  c o u l d  b e  o p e r a t e d  1 0  h o u r s  o u t  o f  e a c h  d a y  f o r  f G u r  
m o n t h s  f o r  a b o u t  s i x  d o l l a r s .  I f  t h e  s y s t e m  r e q u i r e s  m u c h  m a n a g e ­
m e n t  t i m e ,  t h e  l a b o r  c o s t  c a n  b e  a o n s i d e r a b l y  m o r e  t h a n  t h e  e l e c t r i c a l  
e n e r g y  c o s t .  T h e  t o t a l  o p e r a t i n g  c o s t ,  i n c l u d i n g  l a b o r ,  f o r  a  w e l l  p l a n n e d ,  
p r o p e r l y  m a n a g e d  a e r a t i o n  s y s t e m  c a n  b e  a s  s m a l l  a s  a  f r a c t i o n  o f  o n e  
c e n t  a n d  s h o u l d  n e v e r  e x c e e d  o n e  c e n t  p e r  b u s h e l  p e r  y e a r .  
T h i s  p u b l i c a t i o n  w a s  p r e p a r e d  b y  G E N E  C .  S H O V E ,  

A s s o c i a t e  P r o f e s s o r  o f  A g r i c u l t u r a l  E n g i n e e r i n g .  
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